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In this letter, we develop a framework to study the mechanical response of athermal amorphous
solids via a coupling of mesoscale and microscopic models. Using measurements of coarse grained
quantities from simulations of dense disordered particulate systems, we present a coherent elasto-
plastic model approach for deformation and flow of yield stress materials. For a given set of parame-
ters, this model allows to match consistently transient and steady state features of driven disordered
systems under both applied shear-rate and creep protocols.
Introduction – Amorphous materials under deforma-
tion exhibit a wide spectrum of non-trivial phenomena,
that not only elicit fundamental questions, but also bring
about challenges for the field of engineering [1–4]). One
of the major goals in this context, is to develop a unique
theoretical framework for transient phenomena like stress
overshoots prior to yielding (e.g. in metallic glasses [5–7]
and soft materials [8–15]), delayed failure in creep exper-
iments [4, 16, 17], together with steady state properties,
such as strongly non-linear flow curves [18].
It is well established that deformation of disordered
materials is realised through successive dissipative events
in the form of localised shear transformations [19]. These
result in long range elastic stress variations in the sur-
roundings [20], potentially leading to cascading plastic
events correlated on time and length scales far beyond the
scale of the initial local rearrangement [21, 22]. Follow-
ing this very generic picture, it has been proposed that,
brittle amorphous materials, such as metallic glasses, and
dense soft particle flow, such as emulsions or colloidal sus-
pensions, can be described by similar mesoscopic mod-
eling approaches [3]. To reveal the underlying physics
and unify the understanding of the various phenomena
in yielding and flow of amorphous systems, it is thus
tempting to derive models on the mesoscopic scale, us-
ing coarse grained quantities like a local tensorial stress,
strain and corresponding elastic moduli [23].
In this spirit, several coarse grained scenarios have
been developed such as the soft glassy rheology model
[24, 25], fluidity models [26, 27], the shear transforma-
tion zone theory [28], the mode-coupling theory [29] and
a large number of elasto-plastic descriptions [1, 3, 21, 30,
31]. Although some of these models could be successfully
fitted to simulations and experiments [12, 32–34], the
ingredients of these mesoscopic models remain in most
cases phenomenological and the direct link to underlying
microscopic dynamics remains unresolved.
Attempts to infer directly coarse grained parameters
from particle based simulations for effective large scale
descriptions are indeed rather scarce. A recent example
is a work, where an effective temperature is inferred on
various coarse graining scales to rationalise the forma-
tion of transient shear bands [35]. On the other hand,
within the framework of elasto-plastic models, that in-
volve an elastic kernel in form of an Eshelby response,
some links to microscopic dynamics have been explored
[36–40], including estimation of some input parameters,
such as yield stress distributions [41–44]. However, all
these studies have usually concentrated on some specific
aspects of the yielding process and there is yet no unique
framework for the description of the various common pro-
tocols and phenomena.
In this letter, we report a significant step forward. By
combining molecular dynamics (MD) simulations and a
meso-scale elasto-plastic model, we simultaneously and
systematically match various steady state and transient
properties of the shear response a soft disordered solid,
by fixing a unique set of parameters. In this way, we
reproduce the mechanical response for different loading
protocols and a large range of driving parameters (shear
rates γ˙ and applied stresses ΣEXT). Thereby, we validate
further the use of simple Eshelby based elasto-plastic de-
scriptions for the complex dynamics in the deformation
and flow of amorphous materials. Our results show that
this procedure allows to extract the relevant physical in-
gredients on a coarse grained level to describe a multitude
of emergent macroscopic phenomena.
We first describe the particle based simulations onto
which we will map and validate our coarse grained elasto-
plastic model, which is discussed thereafter, to conclude
with a detailed comparison of the mechanical response of
the two models in various driving conditions.
Microscopic model – Here, we consider a well-
studied two-dimensional binary Lennard-Jones glass-
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2former, with particles having size ratio of 1+
√
5
4 [28, 45–
47]. We consider a system of size N = 102400 in a
two dimensional box of length L = 316.174 with pe-
riodic boundary conditions. The athermal amorphous
states are prepared by first equilibrating the system at
T = 1.08Tg (Tg = 0.325) and then generating corre-
sponding inherent structure states by using conjugate
gradient method [48]. The athermal shear response of
these inherent structures is probed by imposing two dif-
ferent protocols, viz. constant shear-rate and constant
shear stress. For the applied shear-rate, the simulation
box is deformed in the xy plane at a rate determined
by the imposed shear-rate, and in parallel the particles’
equations of motion are numerically integrated. Micro-
scopic dissipation is controlled via a term in the equation
of motion of each particle, viz. −ζ(rij . vij)rˆij , where rij
is the inter-particle distance, vij is the relative velocity
and ζ is the microscopic dissipation coefficient [47]. The
response to applied shear stress is studied via a feedback
method [49, 50], wherein, apart from the integration of
the equations of motion of the constituent particles, we
also integrate the equation of motion of the macroscopic
shear rate (γ˙): dγ˙(t)/dt = B[σ0 − σxy(t)], where σ0 is
the imposed target stress, σxy is stress developing inside
the system due to the external drive and B is a damp-
ing coefficient. For our study, we choose B = 1, ζ = 1
[50]. We also consider the dissipation mode as discussed
above. The set of equations of motion are numerically
integrated simultaneously. In our simulations, the unit
of length is σLS, the unit of energy is LS and the unit
of time is
√
mσ2LS/LS, where m is the mass of a particle
that is considered to be equal for both type of particles,
i.e. m = 1.0. All rheological observables are measured in
these units [47] and the integration of the MD equations
are done using a time-step of 0.005, using LAMMPS [51].
The elasto-plastic model – To coarse grain the dynam-
ics we use a lattice based scalar elasto-plastic model.
Each site of the lattice represents a typical particle cluster
that undergoes plastic events (or shear transformations)
quantified by a local plastic strain γpli where i stands for
the lattice site. A site i sustains a local stress σi as-
sumed to be linear with a local elastic deformation, i.e.
σi = µγ
el
i with µ the shear modulus. Due to the pres-
ence of local plastic events, the local stress σi fluctuates
around its spatial average, which is by definition the ex-
ternal applied macroscopic stress, thus 1N
∑
i σi ≡ ΣEXT.
This coupling between the stress fluctuations and the
plastic strain field is formulated by
σi = Σ
EXT + µ
∑
j
Gijγ
pl
j = µγ
el
i (1)
where Gij the Eshelby kernel satisfying
∑
iGij = 0. The
dynamics of a site i is written
∂tγ
pl
i = ni
σi
µτ
(2)
where we fix τ = 1 as an intrinsic time scale in agreement
with earlier particulate simulations [41]. The local state
variable ni alternates randomly between an elastic state
(ni = 0) and a plastic state (ni = 1). A site becomes
plastic from elastic state ni = 0→ ni = 1 at a rate 1/τpl
only if it exceeds a local threshold, i.e. σi > σ
th
i . Once a
site is in a plastic state, the local elasticity is recovered at
a rate 1/τ res and a new local threshold is randomly gen-
erated from a prescribed threshold distribution Pd(σ
th).
To summarize, Eq.2, the stochastic rule for {ni}i
and the form of Pd(σ
th) fully define the evolution of
the system under an external loading condition spec-
ified by ΣEXT(t) once an initial condition is given by
{γpli (t = 0), σthi (t = 0)}i. The creep protocol is imple-
mented by fixing ΣEXT to a desired value of the imposed
stress [52]. The shear start up protocol is realized by
controlling ΣEXT(t) through a feedback loop
d
dt
ΣEXT(t) = µ
(
γ˙ − 1
N
∑
i
γ˙pli (t; Σ
EXT)
)
(3)
in such a way that the macroscopic shear rate γ˙ =
1
N
∑
i(γ˙
pl
i + γ˙
el
i ) remains at the desired constant value.
The mesoscopic model accounts for the rheological be-
havior of amorphous materials as a result of the interplay
of three parts : (i) the elasto-plastic dynamic rules, (ii)
the loading condition ΣEXT(t), and (iii) the initial con-
dition. Note that the initial condition of the microscopic
model is defined by the temperature T at which the sys-
tem was equilibrated before quenching, and all informa-
tion of the initial condition prior to external loading is
implicitly encoded in the typical inherent structure of
the equilibrium state at T . Our main assumption is that
we capture all relevant features of the initial condition,
knowing the initial local threshold map {σthi } and the
stress map {σi}.
To provide input for the initial condition to the meso-
scopic model, we divide our MD simulation box into a
square grid and measure the coarse-grained stress and
threshold fields using a frozen matrix method [42, 43, 47,
53]. This procedure introduces a coarse-graining length.
Physically this scale represents the typical number of par-
ticles involved in an Eshelby inclusion. If our approach is
correct, there should exist a unique set of model param-
eters such that the elasto-plastic model captures various
simulation observations by only plugging the correspond-
ing loading and initial conditions assessed from the mi-
croscopic model.
Two of the parameters can be directly estimated from
the microscopic model. We obtain the shear modulus by
measuring the slope in the stress-strain curve upon small
deformations to µ = 14.88. Further we set the typical
time of stress relaxation τ = 1 [41], which coincides with
the time unit of the microscopic model. For the coarse-
graining length, we use approximately 9.88σLS, similar to
what was used recently in computing local yield stresses
3[48]. Further we tune the other parameters, namely τpl,
τ res and adjust the form of Pd(σ
th) to match the meso
model to our microscopic simulations. We choose Pd(σ
th)
to be a Weibull distribution [42, 47, 48]
wd(σ
th; kd, σ
th
d ) =
kd
σthd
(
σth
σthd
)kd−1
exp
[
−
(
σth
σthd
)kd]
(4)
where kd controls its shape and σ
th
d specifies the typical
value of thresholds.
To find the best set of parameters, we first compare
observables in the stationary state, not depending on the
initial condition. Then, transient dynamics is compared,
starting from the imposition of shear, for two different
shear protocols, viz. constant shear-rate and constant
shear stress. Combining empirical tuning and some quan-
titative analysis of the effects of the parameters[47], we
find a setting of parameters that allows to reproduce sys-
tematically the MD results. Via this, we fix the parame-
ters of the meso scale description to τpl = 1, τ res = 2.0,
kd = 1.5, σ
th
d = 0.57, which allows for very good quan-
titative match between the meso model and the micro-
scopic simulations, for several observables, discussed in
details below.
Flow curve – The stationary flowing state is charac-
terized by a unique relationship between the shear stress
σ and the shear rate γ˙. This state can be attained either
by imposing a fixed shear-rate or a fixed shear-stress. In
Fig.1(a), we show flow curves obtained via both proto-
cols, using data from microscopic simulation and meso-
scopic model. The results consistently match over a large
window of strain rate. For imposed shear-stress, it is
known that the stress barrier to reach steadily flowing
states, depends on the initial condition of the system
and is potentially larger than the dynamic yield stress
ΣY (stress reached at fixed shear rate in the small driv-
ing limit) [1, 54]. Thus as shown in Fig.1(a), for both
micro and meso models, the flow curves produced by the
shear rate control protocol extend over a large range of
shear rate, whereas the data from the creep protocol is
limited in range. Nonetheless, the data from both proto-
cols are consistent. We also show that the flow curve can
be fitted by a Herschel-Bukley fit (Σ − ΣY ) ∼ γ˙n with
n < 1; see Fig.1(a). Note that, for shear rates larger than
γ˙X ≈ 0.02 (not shown in Fig.1(a)), the meso model as-
sumptions no longer hold and do not reproduce correctly
the steady flow [47].
Apparent distribution of thresholds Pa(σ
th). –
A frequently studied observable characterizing the steady
state flow is the apparent threshold distribution Pa(σ
th)
as well as gap distribution P (X). In the mesoscopic
model, several uncorrelated snapshots of the threshold
field σthi are taken to construct the histogram of thresh-
olds Pa(σ
th) from the steadily flowing state. Similarly,
by defining the gap field as xi = σ
th
i − σi, one con-
structs the steady state gap distribution P (X) for the
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FIG. 1. (a) Comparison of the flow curve (shear stress σxy
vs shear-rate dγ/dt) obtained from the mesoscale (in green)
and microscopic (in blue) models; empty symbols correspond-
ing to data obtained from constant shear-rate protocol and
filled symbols corresponding to data obtained from constant
stress protocol. Dashed line is a Herschel-Bulkley fit with
yield stress ΣY = 0.5107 and n = 0.784 (see main text). (b,c)
Histograms of local yield stress σy and local distance to yield
X for the microscopic model (dashed line) and the elasto-
plastic model (filled bars) obtained in the stationary state at
two different imposed shear rates γ˙ = 10−3 (left panel) and
γ˙ = 10−4 (right panel).
meso model. Such measurements are also done in the
microscopic simulations, by sampling configurations in
the steady state under imposed shear, and then using the
frozen matrix method [42, 43, 53] to obtain the local yield
thresholds. Results gathered from the microscopic and
mesoscale simulations are plotted in Fig.1(b,c) for shear
rates γ˙ = 10−4 and γ˙ = 10−3. Small gap and threshold
limit of these distributions of both particle based and
meso models have been studied carefully [55, 56]. When
comparing the distributions, we note that the distribu-
tion obtained from the microscopic dynamics is shifted
to higher values, which is expected from the frozen ma-
trix method, that constrains the relaxation under shear
within the zone of interest and is therefore likely to over-
estimate the yield threshold. Nevertheless, the observa-
tions from the mesoscale and microscopic analysis are in
good qualitative agreement and also consistent, since the
mean of the distribution increases systematically with
decreasing shear-rate.
Transient response to applied shear-rate. To
probe the response of the model systems prior to the
steady state flow, we consider first the response of an
4FIG. 2. (a) Comparison of the macroscopic shear stress (σxy)
versus strain (γ) in a fixed shear rate protocol at three dif-
ferent shear rates for the mesoscale and microscopic models,
using the same initial state. (b) Comparison of the shear rate
response to an applied step stress, for the same initial state,
over a range of magnitudes as marked, for microscopic model
(in dashed lines) and mesoscale model (in filled lines).
athermal amorphous state to an imposed shear-rate, for
which the stress-strain curves are shown in Fig.2(a). We
show only the data for γ˙ = 10−4, 5 × 10−3, 10−2 for a
better visibility of the comparisons, since these are rep-
resentative of the typical behaviors at low and high shear
rates. The meso model predictions and the microscopic
data agree fairly well with each other. Notably the de-
pendence of the stress overshoot on the shear rate is well
captured and the agreement of the stress level attained
in the long time limit is guaranteed by the consistency of
the flow curve presented in Fig.1.
Transient response to applied shear stress. Next,
we focus on the transient regime observed when a shear
stress is imposed (see Fig.2(b)) on the same amorphous
state. The data points on the flow curves for applied
stress (Fig.1(a)) correspond to most the values shown
here. Again, the agreement for the shear rate reached
in the long time limit of the creep curves is guaranteed
by the steady state consistency between the two mod-
els. The striking point is that once we tune the param-
eters of the meso-scale model to obtain the quantitative
comparisons discussed above, the agreement in the tran-
sient regime of the creep curves (Fig.2(b)) is automati-
cally achieved, for all values of applied stress. Note that
apparent differences in the short time dynamics in form
of large oscillations in the early stage of the microscopic
simulations can be easily tracked back to the feedback
protocol to impose a constant stress [50], whereas the
meso-model is constructed to reach the target stress in-
stantaneously.
Here, we observe the typical the ”S” shape of the shear
rate response to an external applied step stress, reported
in previous works [9, 57–59]. For stress of magnitude
0.56, the mismatch between microscopic and mesoscale
model can be attributed to strong finite size effects in the
latter model. Fluctuations are suppressed in the coarse-
grained descriptions and the system gets stuck in the ab-
sorbing non-flowing state more easily, unlike the micro-
scopic model where the steady flow can still be reached.
For an applied stress of 0.53, both micro and meso cal-
culations exhibit an eventual stuck state, although the
stress magnitude is larger than ΣY , indicating that the
static yield threshold for this annealing history is larger
than the dynamic threshold [60].
Another interesting fact to highlight is that the tran-
sient creep curves can also be reproduced if the mesoscale
equations are initialised with random local yield thresh-
olds, sampled from the distribution, thus destroying po-
tentially existing spatial correlations. With the chosen
annealing history, the flow-onset stress is large with re-
spect to the dynamical yield stress, implying that a large
fraction of sites will be destabilized immediately upon
the application of the external stress. We expect that
this is a situation where spatial correlations play a minor
role and mean-field assumptions apply.
Conclusions – To summarise, the main achievement of
this work is the development of a simple elasto-plastic
model coupled to microscopic simulations via which all
necessary parameters are inferred. This allows to repro-
duce quantitatively steady state flow properties, along
with transient deformation features under two differ-
ent shear protocols, viz. imposed strain rate and im-
posed load, which are scanned across large parameter
ranges. Beyond that, we also successfully match, in a
qualitative manner, the steady state distributions of lo-
cal yield thresholds. We further want to highlight that
to our knowledge, this study is the first report of using
a mesoscale model to successfully provide a quantitative
match with creep curves obtained from MD simulations.
Overall, we have illustrated how to identify and di-
rectly link coarse grained quantities from microscopic
models, such as measurements of local stress and yield
stress maps, that are used as initial input for elasto-
plastic lattice models. In this way, we pave the road to-
wards more quantitative and predictive multi-scale mod-
eling in this field.
Finally, we note that the meso-scale description ex-
hibits strong finite size effects, visible near the yield
5threshold. The coarse-graining process irons out part of
the local disorder and fluctuations and hence, simulations
involving larger system sizes are needed to investigate dy-
namics near the static threshold.
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SUPPLEMENTARY INFORMATION
Determination of the parameters
In the following, we describe in detail the different pa-
rameters involved in the mesoscopic model, their physical
interpretation and the procedure to determine these pa-
rameters from the microscopic simulations. Two impor-
tant parameters are directly estimated from these sim-
ulations, namely the shear modulus µ ≈ 14.88 obtained
from the initial elastic regime in the start-up protocol
upon small shear deformation and the typical Maxwell
relaxation time for the localised shear transformations
estimated to τ ≈ 1[41]. Other parameters are tuned to
achieve consistency between mesoscopic and microscopic
simulation results. The parameters we need to determine
are:
• Time scales: The typical delay τpl of plastic ac-
tivation once a site overcomes the local threshold
σthi , and the typical duration of a local plastic event
τ res.
• The typical value of dynamically renewed local
threshold σthd , and the exponent kd that shapes
the distribution of the dynamically renewed local
threshold.
By tuning these parameters, we try to match the meso-
scopic results with the MD simulation results for several
types of observables, as discussed in the main text, viz.
the flow curve, the load curves at different shear rate, the
creep curves at different stresses and the also the steady
state threshold distribution Pa(σ
th). As the free param-
eters form a high dimensional space and the effects of
the parameters on observables are highly non-linear, and
for each parameter setting we should run a whole set of
simulations to compare with the particle based simula-
tion results, it is a heavy and non-trivial task to find the
set of correct parameters. However we can make quali-
tative arguments to understand better the effects of the
parameters on observables and then find the appropriate
directions for tuning the parameters.
One realizes easily that once the flow curve is well fit-
ted, a good comparison is ensured for the steady state
observables, namely the stress plateau of the load curves
and the shear rate plateau of the creep curves. Then one
can adjust the parameters to match the transient state of
the mesoscopic model to the microscopic simulations for
both load curves and creep curves, while minimizing the
effects on the flow curve. Finally one should take care of
the steady state distribution Pa(σ
th). For the last com-
parison, it is very difficult to get a quantitative match,
because the simulation results can only present approxi-
mations due to the frozen matrix approach and thus we
are satisfied by a qualitative agreement as discussed in
the main text. We apply this strategy for parameter
tuning with the following arguments describing qualita-
tively the effects of the parameters on the different types
of observables.
Except for the flow curve, where we can have some
quantitative indications for the effect of the parameters,
we otherwise only have qualitative hints for fitting other
the other observables. This is of course due to the non-
linear nature of the model, which is necessary to repro-
duce the non-trivial dynamics of a particle based model.
By finding a setting of parameters for the mesoscopic
model that simultaneously captures the results of the mi-
croscopic simulations in all observables, we confirm that
the essence of the rheological properties of amorphous
systems are indeed encoded in the simple rules of the lat-
tice models, able to encompass the complex macroscopic
phenomena for driven disordered materials.
The flow curve
In this section, we explain our understanding of how
the different parameters in the mesoscopic model influ-
ences the fitting parameters in the flow curve. For this,
we consider for simplicity a typical site sheared at a rate
γ˙. Neglecting the random kicks from plastic events else-
where, the site alternates between the elastic and the
plastic state, with its stress going up and down between
two typical values σH > σL which are typical stress val-
ues for which the state alters. By construction, plastic
events can only take place when the stress is above the
threshold, the typical value of which is σthd . During the
plastic state, the stress drops as
σ = µτγ˙ + (σH − µτγ˙) exp(−t/τ) . (5)
As the typical duration is τ res, the typical stress at which
the site becomes elastic again, is then
σL = µτγ˙ + (σH − µτγ˙) exp(−τ res/τ) (6)
6Two rheological regimes can be recognized depending on
the shear rate γ˙.
• High shear rate regime. The typical value of σL
is above the typical threshold σthd due to the high
shear rate, so that we have
σL > σ
th
d (7)
σH = σL + µτ
plγ˙ (8)
• Low shear rate regime. The typical value of σL lies
below σthd during a plastic event, which implies
σL < σ
th
d (9)
σH = σ
th
d + µτ
plγ˙ (10)
After simple computations, we find that the two rheolog-
ical regimes are separated by a crossover shear rate
γ˙X ≈ σ
th
d
τµ
1− exp(− τresτ )
1 + ( τ
pl
τ − 1) exp(− τ
res
τ )
(11)
Below this shear rate, the flow curve is complex due to
the disorder penalized non-linear local dynamics and this
part of the flow curve can be eventually fitted by the
Herschel-Buckley law, while above this shear rate, the
flow curve becomes linear. Thus γ˙X is the quantity that
characterizes the shape of the flow curve.
In the low shear rate regime, we can estimate the dy-
namical yield stress ΣY , by taking the limit of zero shear
rate. In this limit, the rising stress part takes infinite
time, while the decrease happens during the duration
τ res, so that ΣY can be estimated as the algebraic aver-
age :
ΣY ≈ 1
2
(σH(γ˙ = 0) + σL(γ˙ = 0)+) (12)
≈ σ
th
d
2
(
1 + exp(−τ
res
τ
)
)
(13)
This estimation represents the global offset of the flow
curve.
During the procedure for fitting the flow curve, the
global offset of the flow curve and the scope of power
low regime are adjusted by ΣY and γ˙X , with a clarified
dependence on the parameters.
Transient dynamics in the stress-strain curve
Here we address the parts of the stress-strain curve
before entering the steadily flowing state which contains
(i) the slope of elasticity for γ ≥ 0, (ii) the rate depen-
dent overshoot height and (iii) the time needed to reach
the steady state after the overshoot. The slope is given
by µ which is measured directly from the particle based
dynamics, thus giving a good match (main text figures).
The height of the overshoot in the stress-strain curve
is reached when a significant portion of sites overcomes
their initial thresholds, which is an input from the MD
simulations with a typical value, noted as σthI . Given a
shear rate γ˙ the typical stress for a site to yield is then
given by
Σovershoot ≈ σthI + µτplγ˙ (14)
Thus the τpl is rather uniquely fixed by matching system-
atically the height of all load curves for different shear
rate.
The relaxation to the steady state after the overshoot
is related with τ res. Increasing τ res would give more
time to release the stress, shortening the overall duration
of the transient regime.
The transient state of the creep curves
The fluidization time τf is closely related with the
parameter τ res. Increasing τ res gives sites more time
to release their local stresses so that more sites may be
activated. Thus overall, the system will fluidize faster
for a larger value of τ res.
The local threshold distribution
The stationary state local threshold distribution
Pa(σ
th) has been measured previously with finite rate
simulations [41] and in the quasi-static driving limit [48].
In both cases, as well as for our simulation data, the
empirical distributions can be reasonably fitted with a
Weibull distribution
W (x) =
k
λ
(x
λ
)k−1
exp
(
−
(x
λ
)k)
(15)
(see Fig.3).
Since it is difficult to assess directly from MD systems
the dynamic threshold distribution Pd(σ
th) which is an
important ingredient of the mesoscopic model, we adopt
the form of Weibull distribution as an ansatz for Pd(σ
th)
(Eq.4 in the main text) to eliminate as much as possible
uncontrolled parameters. Besides, as the external load-
ing statistically hardens mescoscopic sites to larger values
of σth than the dynamically renewed ones[? ], we expect
a smaller typical value of the dynamically renewed local
threshold than the one in stationary state, i.e. σthd < λ,
where measured values of λ, together with k, are indi-
cated in Fig.3. With this constraint in mind, we tune
the values of kd and σ
th
d of Eq.4 in the main text in order
to achieve the best overall consistency between meso and
MD results.
7FIG. 3. Open symbols are empirical stationary local threshold
distribution Pa(σ
th) measured from MD simulations, where
quasi-static data (MD-QS) is obtained from [48] and finite
shear rate data is recapped from our main text. Solid lines are
corresponding fitted Weibull distributions, where the fitting
parameters are indicated in the legend.
Details of molecular dynamics simulations
We consider a two-dimensional binary Lennard Jones
mixture of small and large interacting particles of equal
masses which has been demonstrated to be a good glass
former and whose mechanical properties have been well
studied [28, 46, 48]. The system is studied at a density
of 1.02, using N = 102400 particles in a two dimensional
box of length L = 316.174. The ratio of the large (L) and
small (S) is given by NLNS =
1+
√
5
4 where NL and NS are
the number of L and S particles respectively. The inter-
action between any pair of particles having co-ordinates
ri and rj , is given by
Vαβ(r) = 4αβ
[
(σαβ/r)
12 − (σαβ/r)6
]
. (16)
where r = |ri−rj |, and α, β correspond to the identities S
or L. The values of the interaction parameters are set to
SL = 1.0, SS = LL = 0.5LS, σLS = 1, σLL = 2 sinpi/5,
σss == 2 sinpi/10. In the following, we use LS and σLS
as the unit for energy and length, respectively. The cutoff
radius in Eq. (16) is chosen as Rc = 2.5σLS and the
potential is smoothened out near the cutoff [48]. As the
time unit, we use
√
mσ2LS/LS, where m is the mass of
a particle that is considered to be equal for both type of
particles, i.e. m = mL = mS = 1.0. More details about
the model can be found in Ref.[28].
The equation of motions for any particle i located at
ri and with its neighbour j at rj :
r˙i =
p˙i
mi
(17)
and
p˙i =
N∑
j 6=i
f int(i,j) + f
D
(i,j) + f
R
(i,j) (18)
Here, the total force enacted on the particle is a sum
over the interaction force, f int(i,j) = −~∇Vαβ(r(i,j)), the dis-
sipative force, fD(i,j) = −ζw2(r(i,j)) (rˆ(i,j) . v(i,j))rˆ(i,j) and
the random force, fR(i,j) =
√
2kBTζw(r(i,j))θ(i,j) ˆr(i,j).
The equations (13-14) ensure the correct thermostatting
of the system by canceling the drifting velocities intro-
duced due to shear and warrant Galilean-invariance and
conservation of local momenta.
Calculation of shear modulus. We compute shear mod-
ulus from the mechanical response of the sample under
quasi-static infinitesimal deformation in athermal condi-
tions for which
µ ≈ lim
δγ→0
δσAQSxy
δγ
(19)
where δσAQSxy is the shear stress in response to the in-
finitesimal deformation, δγ under athermal quasi-static
conditions. We obtain µ = 14.8897 which is very close to
the value quoted in Ref.[43].
Computing maps of local stress and local yield thresh-
old: We divide the sample into M × M square blocks
of length ` = LM , using M = 32. We obtain the
distribution of the thresholds following ”frozen matrix”
method[41, 43, 53] by simple shear deformation in the
individual blocks. During this process, the neighborhood
of the target region remains frozen and deforms affinely
while the target region is allowed to relax non-affinely
with the onset of plastic rearrangement beyond a local
stress threshold, σ
(i,j)
c via a drop in local stress.
The local shear stress, σ
(n)
xy in a block, n has been com-
puted in the following manner:
σ(n)xy =
2
`2
∑
i∈n
M∑
j=1
∂Vαβ(r
ij)
∂rij
rijx r
ij
y
rij
(20)
following Ref.[41]. The computation of local stresses have
been done in the initial state and steady states. Example
maps of the local stress and local yield threshold in the
initial state are shown in Fig.4.
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